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The information presented in this report is an integration of the
data from several projects conducted as a part of the efforts of the
International Reference Group on Great Lakes Pollution from Land Use Activities
(PLUARG), an organization of the International Joint Commission, established
under the Canada—U.S. Great Lakes Water Quality Agreement of 1972. The
conclusions are the responsibility of the authors and not of those responsible
for the individual projects. The results and conclusions do not necessarily
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The contributions of phosphorus to the Great Lakes from agricultural
land and the associated activities in Southern Ontario have been estimated
primarily from the information obtained from the monitoring data and the
several detailed studies conducted in the representative agricultural water-
sheds. Because there is very limited agricultural activity in the Northern
Ontario portion of the Canadian Great Lakes Basin, the estimates made are
thought to be valid for the total Canadian Great Lakes Basin.
Regression equations were developed to relate the unit area
loads of total P and total dissolved P to watershed characteristics.
The total P unit area loads were predicted (R2=0.86) by a regression
including 2 clay in the surface soil and the proportion of the area in
row crops. The total P unit area load increased with increasing Z clay in
the surface soil due probably to increased sediment load. The unit area
load also increased with increasing proportion of row crop. This is due to
two factors; increased erosion and hence increased sediment load, and
increased fertilizer phosphorus use associated with row crop production.
The total dissolved P unit area loads were predicted (R2=O.83) by a
regression including 2 clay and amount of fertilizer and manure P added in
the watershed. These regressions were used to estimate the contributions
from agricultural activities in subbasins of the Grand and Saugeen River
Basins and finally for all subbasins in Southern Ontario.
The contributions of total P from cropland, livestock operations,
streambank erosion and unimproved agricultural land were estimated
independantly for the agricultural watersheds and for the subbasins of the
Grand and Saugeen River Basin. It was estimated that about 70% of the
agricultural contribution of total P could be attributed to runoff from
cropland, 20% to livestock operations, and 5% to each of streambank erosion
and runoff from unimproved agricultural land. About 40% of the total P
was estimated to be in the dissolved form. Additional sources which were
found to cause localized contributions were: (1) private waste disposal
systems locatedclose to drainage ditches or which were directly connected
to field drainage systems; (2) contribution from subsurface drainage of




Extrapolation to the Grand and Saugeen River Basins using the
regression equations indicated that 50 to 70% of the total P load in these
Rivers could be attributed to agricultural activities.
The regression equations were also used to estimate the unit area
loads of total P in over 300 subbasins in the Southern Ontario portion of
the Great Lakes Basin. The unit area loads of total P from agricultural
land ranged from 0.15 to 1.66 kg/ha/yr. The higher values were found in
the southwestern portion of the basin where intensive row crop production
is practised on clay soils.
The regression equations were developed for small agricultural
waterhseds (20 to 60 kmz) and thus predict the delivery to the outlets of
watersheds of similar size. However, if a delivery ratio of 1 is assumed
for transport of phosphorus from the outlets to the Lakes, the unit area
loads can be used to estimate the loading to the Lakes. In this manner it
was estimated that approximately 3000 tonnes of total P are contributed
annually to the Great Lakes from agricultural land and associated activities
in Southern Ontario. About 1200 tonnes (40%) of this phosphorus is in the
dissolved form.
All of the estimates in this report are based on only one or two
years of monitoring. While the estimates are the best that can be made, the




The contributions of phosphorus from various agricultural
activities in the Southern Ontario portion of the Great Lakes Basin have
been estimated primarily from information obtained from the monitored
data and the detailed studies conducted in the representative agricultural
watersheds. Because there is very limited agricultural activity in the
Northern Ontario portion of the Great Lakes Basin, the estimates made are
thought to be valid for the total Canadian Great Lakes Basin.
No attempt has been made to present a review of the voluminous
literature on agricultural contributions of phosphorus to ground and surface
water. A comprehensive review of contributions to nutrient enrichment of
Lake Erie, Lake Ontario and the international section of the St. Lawrence
River from agricultural activities in Ontario was completed in 1973 (Hore
and MacLean 1973). The major activity since that time has been related to
the PLUARG program and thus is included in this report.
The major sources of phosphorus from agricultural activities are
(1) surface runoff from cropland (3) runoff from livestock operations
including runoff of winter spread manure (3) streambank erosion and (4)
runoff from unimproved land. Additional sources that may be significant
in localized areas are drainage waters from cultivated organic soils and
seepage from private waste disposal systems. No attempt has been made to
quantify the loads from the latter two sOurces in the basin, but they are
discussed in further detail later in this report.
The forms of phosphorus that have received the major consideration
are total P and total dissolved P. The total P includes sediment—associated
and dissolved P. The use of total P on sediment is not the most sensitive
measure of the P available to biological systems because a major portion
may be in forms such as apatite that have a very low solubility. The
proportion of the total P that is in "unavailable" forms will vary
depending on the source of the sediment. The phosphorus on sediment derived
from highly fertilized fields will have a higher degree of availability
than would that on sediment derived from streambank erosion or from
unimproved land. Although some consideration was given to this factor in
the detailed studies, it has not been possible to partition the sediment—







This report presents the combined results of several studies in
the agricultural watersheds in terms of the total agricultural contribution
and the contribution from each of the four major sources. The information
obtained from the agricultural watersheds has been extrapolated to provide
estimates of the contribution from each source in the Grand and Saugeen
River basins. Finally, the information has been extrapolated to provide
estimates of the total contribution from agricultural sources in the
remaining regions of the Southern Ontario portion of the Great Lakes Basin.
It has not been possible to estimate the contribution from each individual





The agricultural watersheds were selected to represent the range
of soils, climate, cropping systems and livestock enterprises found in the
Ontario portion of the Lower Great Lakes Basin. Land use activities other
than agriculture were very limited in the watersheds although there were
clusters of non—farm residences in some watersheds. With the exception of
the possible contribution from these residences, it was assumed that the
total load from these watersheds was agricultural in origin. The total
agricultural contribution in 1976 was determined for each watershed by
subtracting the estimated load from non—farm private waste disposal systems
from the total measured load for 1976 as calculated by the NAQUADAT method.
The load from non—farm private waste disposal systems was estimated as









the proportion of the total load from each watershed that could be attributed
to private waste disposal systems. It was assumed that this load would be
from farm and non—farm residences in proportion to their numbers. Thus the
load from non—farm private waste disposal systems was calculated.
The unit area P load from agricultural land was then calculated
by dividing the total load from agricultural sources by the area of agri—
cultural land in each watershed. (See Appendix Table A—l).
To determine the relation between watershed characteristics and
unit area load of total P, stepwise multiple regression analyses were per-
formed. The unit area P loads from the 14 watersheds (ll agricultural
 watersheds plus 3 additional watersheds for which similar information was
available) were related to 14 watershed characteristics compiled by D.R.
Coote. (See Appendix Table A—1 for data).
The simple correlations between the unit area loads and watershed
characteristics are presented in Appendix Table A—2. Although several
characteristics were significantly related, the multiple regression analyses
indicated that two variables, Z clay in the surface soil and Z of the
agricultural land in row crops, accounted for most of the variability. No
other characteristic significantly improved the regression after the effects
of these two variables were removed. Using the squares of the Z clay
(C12) and Z row crops (RC2) significantly improved the regression compared
to the linear terms. The regression equation is as follows:
Total P(kg/ha/yr) = —0.0930 +-0.000846 (C12) + 0.000212 (RC2)
R2 = 0.86
The relationship is shown graphically in Figure l. The unit area loads
estimated for the 11 agricultural watershedsusing this regression are
shown in Table l.
The importance of the clay content of thewatershed soils can be
explained on the basis of the influence of soil texture on infiltration and
runoff. With increasing clay content, runoff increases and the sediment
load increases (van Vliet_et_al 1978). The influence of row crops can
be explained by a combination of the effects of row crops on sediment load
(van Vliet_gtAal 1978) and on the higher fertilizer phosphorus use
associated with row crop cultivation. The fertilizer P addition in the
watersheds was closely related to the Z row crops (r = 0.86). This aspect
will be discussed in more detail later in this report (See Sec. 3.8).
(
Total Dissolved P
The proportion of the measured loads of total P from the agricul-
tural watersheds that was in the dissolved form ranged from 25—60% with a
mean of 43%.
Relationships between total dissolved P and watershed character-
istics were developed in a manner similar to that described for total P.
The correlation coefficients for the linear relationships of total dissolved









































The relationship between total P from agricultural land and





Table 1: Unit Area Loads of Total Phosphorus from Agricultural Watersheds.
 
Watershed Estimated Unit Area Load From:
Agriculturall Cropland2 Livestock3 Streambank4
Activities Erosion
------------------------ kg P/ha/yr ---——---—-—-------—-—----
Ag - 1 1.79 1.65 0.01 0.11
Ag - 2 0.18 0.65 0.01 0.007
Ag — 3 1.10 0.56 0.12 0.02
Ag — 4 0.51 0.78 0.19 0.11
Ag — 5 0.69 0.81 0.14 0.005
Ag — 6 0.15 0.31 0.12 0.003
Ag — 7 0.03 0.31 0.06 0.005
Ag - 10 1.32 1.09 0.12 0.01
Ag - 11 0.71 0, 0.10 0.05
Ag - 13 0.85 1.43 0.01 0.02
Ag- 14 0_-§_7 912 w M}...
Weighted Mean 0.65 0.68 0.08 0.03
1 Estimated from regression of monitored total P unit area load (NAQUADAT
Method) on watershed characteristics
2 Estimated load from cropland (See footnote to Table 3) divided by area of
4
cropland (cultivated crops plus hay)
Estimated load from livestock (Tonnes) divided by area of agricultural land















































developed is as follows:




















estimated for the 11 agricultural watersheds using the regression are
presented in Table 2.
The fertilizer + manure P added is a major factor in accounting
for the dissolved P load. This factor has replaced the Z row crops found
The
fertilizer + manure P added would alter the "available P" to a much greater
to be important in accounting for the variation in total P load.
extent than the tc;al P and therefore has a more direct effect on dissolved




A model has been developed (Spires and Miller, 1978) for predicting
the sedhment associated phosphorus in runoff from cropland. The model is
based on the following relationship.
Sediment P load = Sed. Load x P conc. in surface soil x P Enrichment ratio.
Attempts were madeto estimate the sediment load from monthly
gross erosion values (van Vliet g£_al, 1978) and monthly delivery ratios
(van Vliet e£_§l, 1978) for each watershed. However, valid estimates could
not be made for delivery ratios. Consequently measured sediment load values
The
average P concentration in the surface soil was obtained from analysis of
were used in calculating sediment P load from the Ag watersheds.
some 200 surface soils from the Ag watersheds (Spires and Miller, 1978).
The P enrichment ratio was calculated using a relationship between enrich-
ment and sediment concentration developed (Spires and Miller, 1978) from
runoff samples collected from Ag—A, Ag-S,Ag-13 and Ag—l.




































































































kg/ha/yr T/yr kg/ha/yr2 T/yr3
Ag — 1 0.21 1.06 0.40 1.95
Ag — 2 0.06 0.46 0.08 0.63
Ag - 3 0.57 3.09 0.50 2.74
Ag — 4 0.33 0.62 0.34 0.62
Ag — 5 0.47 1.28 0.30 0.86
Ag — 6 0.08 0.40 0.11 0.56
Ag — 7 0.03 0.21 0 0
Ag ~ 10 0.52 1.54 0.42 1.20
Ag — 11 0.21 0.47 0.29 0.67
Ag — 13 0.34 0.71 0.36 0.62
Ag - 14 0.37 1.64 0.22 0.95
l
MOE Calculations
Estimated from regression of measured loads on watershed characteristics





Difficulties were encountered in measuring total dissolved P in
runoff from cropland (Spires and Miller, 1978). In those samples for which
reliable results were obtained, the dissolved reactch P accounted for a
very high proportion of the total dissolved P.
The dissolved reactive P in runoff from cropland was found
(Spires and Miller, 1978) to constitute as much as 90% of the total P when
sediment concentration was less than 100 mg/l. The proportion of the
total P that was in the dissolved form decreased as sediment concentration
increased but averaged 24% in the 37 samples of runoff collected from Ag—4
and Ag-S.
The dissolved reactive P in runoff has been shown to be signifi—
cantly correlated with both the equilibrium P concentration and the NaHC03—
extractable P level of the sediment except where manure is present on the
surface at the time of the runoff (Bhatnagar, 1977). However. it was not
possible to develop relationships between dissolved P and soil and runoff
characteristics for samples collected from the agricultural watersheds
(Spires and Miller, 1978). One would expect that there would be a relation-
ship between the extractable P in the sediment and that in the soil from
which the sediment is derived. While, in general, the higher extractable
P was f0und in sediment from soils with higher extractable P, the relation—
ship varied widely with runoff characteristics. There was also variation
in extractable P enrichment ratio with the nature of the soil surface
(Bhatnagar, 1977). Thus it has not been possible to develop a relationship
to predict the dissolved P in runoff from cropland.
In general, it can be stated that the dissolved P will be greater






























































































































































































































































































































































































































































































































































































calculated by dividing the total estimated load by the area of improved
cropland. is presented in Table l.
Contribution_§rom Livestock
 
The contributions of total P from activities related to livestock
have been estimated by Robinson and Draper, 1978. These estimations ’
included direct runoff from livestock holding facilities, manure storage
  
and from manure spread on frozen or snow—covered land. There may be some i
duplication of the contribution from runoff from winter spread manure with
the estimated contribution from cropland. About 10% of the runoff samples
from which the crOpland contribution was estimated were from fields with
winter spread manure. This duplication would not be sufficient to alter
the general relationships of the sources.
The estimated contribution from livestock operations in each of
the agricultural watersheds is shown in Table 3. The unit area loads,
calculated by dividing the total load by the area of agricultural land, are
presented in Table l.
QEQEELQQLEQELQPEL§_t_r_e:3.n111e95,l2518.i_@
The estimated contribution of total P from streambank erosion in
each watershed is based on the estimates of streambank erosion made by
Knap (Knap, l978). The estimated streambank sediment load (Tonnes) was
multiplied by the average P concentration in soils (0.733 kg/tonne) and
the estimated P enrichment ratio (1.1).
The results of these estimates are presented in Tables 1 and 3.
Contribution from Unimproved Land
Unimproved land was assumed to have a unit area load of 0.08 kg/ha/yr.
‘ This value has been found for forested watersheds. The soils in these water—
sheds were coarse—textured. Thus the value of 0.08 may be lower than the
average for unimproved land. However, no other estimates were available.
The total load in each watershed from unimproved land presented in Table 3
was calculated by multiplying the area of unimproved agriculturalland in
the watershed by 0.08.
Contribution from Private Waste Disposal Systems
Effluent from septic tank systems contains high concentrations of
P (Chan, 1977). This phosphorus is adsorbed on soil particles and is
 3.7
_ 14 _
rapidly attenuated as the effluent percolates through the disposal bed and
is usually below the criteria set for public surface water quality within
10 m from the tile field (Chan,
1977).


















































































































































































































































































































































































































































































































































































































































































































These sources may result in very high localized concentrations of
phosphorus in streams. No estimate has been made of the frequency of
occurrence of such situations but the total contribution is thought to be
insignificant in relation to other sources.
Fertilizer Phosphorus Use in Agricultural Watersheds
 
The average fertilizer P use on the crops grown in each watershed
was obtained from the report on land use in the Agricultural watersheds,
(Frank and Ripley, 1978).
These data are presented in appendix table A—3
and are summarized by crop and by watershed in Table 4.
The average amount of fertilizer P required for most economic
production has also been estimated for each crop in each watershed.
This
estimate is the average requirement for that crop in the county in which
the watershed is located as indicated by the soil test of samples submitted
during the period July 1, 1975 to June 30, 1976.
There are two assumptions
in this estimate which must be recognized in any interpretation.
The first
assumption is that the requirements for a particular crop in the watershed
is similar to that in the whole county.
The second assumption is that the
average requirement as indicated by soil test is the true average require—
ment for the county.
Approximately 15—20% of the farmers in Ontario submit
soil samples in any given year.

















































































































































































































































































































































































































































































































































The application of fertilizer P in excess of that required for
most economic crop production will increase the level of available P in the
soil and hence the amount of phosphorus in runoff from the fertilized
fields. The dissolved P concentration in runoff will be increased to a
greater extent than will total P reflecting the greater solubility of the
recently applied phosphorus. This fact is reflected in the dependence of
dissolved P unit area loads in the agricultural watersheds on the
fertilizer + manure P added (See Section 3.1.2). Although fertilizer P
additions are essential to economic crop production on many soils, appli—
cations in excess of requirements unnecessarily increase the phosphorus
content of runoff.‘ It must be recognized that reducing the phosphorus
application to required amountswill not reduce the amount in runoff
appreciably for many years. However, increased use of greater amounts
than required will further increase the amount in runoff.
The reasons for the excess phosphorus application in relation to
the estimated requirements are complex. Due to past fertilizer use, the
level of available phosphorus in many soils has increased to the point that
very low amounts of fertilizer P are required. Many soil tests indicate no
phosphorus requirement. This is very difficult for farmers to accept. They
have seen their yields increase with fertilizer use in the past and are not
prepared to plant their crops without some fertilizer phosphorus. In many
cases, their fertilizer application equipment will not apply less than
150 kg/ha. With increasing nutrient concentrations in fertilizers, they
may apply 50 or more kg PZOS/ha when perhaps 20 or even none is required.
The fertilizer requirements by soil test are based on extensive
research data from all areas of Ontario. They have been substantiated by
demonstrations in several counties conducted by OMAF advisory personnel.
Increased effort in terms of promotion and demonstration to increase the
acceptance of the soil test is the most feasible approach to reduce the
instances of over fertilization.
Discussion of Agricultural WatershedStudies
The agricultural watershed studies have provided a much greater
understanding of the phosphorus contributions from agricultural land and the
factors that affect them. It is apparent that runoff from cropland is the
major source of phosphorus from agricultural activities, followed by live—
stock, streambank erosion and runoff from unimproved land. The proportion
of the total sum of the sources that was estimated to come from cropland






















































































































































































































































































































was developed using 1976 monitored data.
However,
the estimates for
contribution from cropland were made using long term rainfall data and















































































































































































































































































































































































































































































































































load of 0.08 kg/ha.
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measured load. This gives a reasonable degree of confidence to the
estimates. Based on the regression estimates, the load from agricultural
activities represents 54% and 57% of the total measured load for the Grand
and Saugeen River basins respectively. The estimated agricultural con-
tribution as a proportion of the total estimated load is 57% for the Grand
and 68% for the Saugeen River Basin. These two bases for estimating the
proportion of the load attributable to agriculture give values that are
not greatly different and are probably well within the range that would be
associated with either method. Thus it can be concluded that 30 to 60? of
the total P in the Grand River and 60% to 70% of the total P in the Saugeen
River can be attributed to agricultural land and the associated activities.
The contribution from agricultural activities estimated from the
sum of the four sources is more variable than that estimated from the
regression. The sums of the sources compare very closely with thOSe
estimated by regression for the Grand River Basin but were higher than those
estimated by regression for the Saugeen River Basin. The estimates for the
Saugeen Basin were greater than the measured load in 3 of the 6 subbasins.
This apparent overestimation is probably due to overestimation of the
load from cropland, which was the major source. #
The overestimation of the contribution from cropland is thought
to be due to the delivery ratio used in the calculation of sediment load
from cropland. These ratios were obtained from the 803 National
Engineering Handbook and are based on watershed area; the ratio decreases
with increasing area. The areas used in the calculations were those of
the individual subbasins. Thus a separate delivery ratio was used for
the area draining through SR—l, SR—Z and SR—3 and a separate sediment load
calculated. The in—stream delivery was assumed to be 1.0 so that the
sediment load passing SR—3 was the sum of that from SR-l and SR—2 plus
that from the area between SR—Z and SR—3. Another approach tried was to
use a delivery ratio based on the total area draining through SR—3. This
ratio would be lower than that for each subbasin and would result in a
lower P contribution. In effect. this approach assumes an in—stream
delivery ratio of less than 1. The latter approach resulted in more
realistic values of P loads for the Saugeen basins, but predicted quite low
loads in the Grand River Basins. Obviously. the estimate of delivery ratio






























































































































































































































































































































































































































































































































































































































































































































































   
  
   
The same two variables account for the variation in the unit
area loads
in both sets of data.
However,
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from larger watersheds requires the assumption of an instream delivery
ratio of l for phosphorus. While this probably is valid over a period of
a few years, it may not give reliable estimates of loadings to the Lakes for
any given year.
The total loading (tonnes/yr) for each subbasin was calculated
by multiplying the unit area load by the area of agricultural land. The
values are presented in Appendix Table A—4 and the totals for each of four
sectors of the Southern Ontario portion of the Great Lakes Basin are
presented in Table 6. No loading value was calculated for subbasins
where more than 70% of the enumeration areas were suppressed. These
subbasins and those in which 50 to 70% of the enumeration areas were
suppressed are indicated in Appendix Table A—4. These represent a very
small proportion of the total; the error created should not be large.
The loading of total phosphorus from agricultural activities in
the Southern Ontario portion of the Great Lakes Basin is estimated to be



















Saugeen River Basins is applied to the total basin, 2100 tonnes of total
phosphorus would be attributed to runoff from cropland, 600 tonnes to

















































































































total basin may be less than 20%.




























































































































































































































Ontario portion of the Great Lakes Basin.
   








































































it can be included that contributions of total P from agricultural land
and associated activities represent about 50% of the total loading and
about 80% of the loading from tributary diffuse sources in the Canadian
Great Lakes Basin in 1976.





































































































































































































































































































































































































































































































































































































































There are numerous practices that can be
H
used to control erosion and sediment delivery.
These have been presented
 
elsewhere in considerable detail (Stewart et al, 1975).
In addition to control of erosion and sediment delivery,
there























to streams, measures designed
























































































































































































































































































































concentrations in drainage water would continue for 10 years or more. The
area of cultivated organic soils in Ontario is very small, being in
essentially five locations. Thus the impact on the total load to the
Great Lakes is relatively insignificant. However, localized effects may
be quite significant. It is suggested that the potential for water
pollution-be considered in any proposals to develop additional organic
soil areas.
A set of effective remedialmeasures can only be develOped
through detailed consideration of a specific area. Examples of sets of
remedial measures have been developed for four of the detailed agricultural
watersheds by a group at the University of Guelph consisting of


















estimated. These examples are presented as Appendix Tables A—S.
They should beused only as illustrations of an approach to
remedial measures and not as final answers for these specific watersheds.
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Table A-1: Characteristicsof Agricultural Watersheds. (Compiled by D.R. Coote)
 
WATERSHED



























     
     






















































































































































































































































































































































































































































































































































































































Estimated from Ontario Soil Testing Service Summarydata for counties.
From R. Frank and B. Ripley. Land Use Activities in Eleven Agricultural Watersheds in Southern Ontario, Canada, 1975—76.
Calculated from numbers of livestock using animal unit coefficients From Agricultural Code of Practice for Ontario.







































Table A—2: Correlation matrix for total P and total dissolved P loads and agricultural watershed characteristics.
 
X10 X11
Y1 -Total P (kg/ha)
0.76 -0.42 0.27 0.33 0.28 0.47 —0.13 —0.10 -0.62 0.56 0.49 0.33 0.10 0.57
Y2 —Total Dissolued P (kg/ha)
0.71 —0.49 0.12 0.34 0.53 0.60 0.09 0.06 -0.67 0.42 0.46 0.49 0.16 0.42
X1 -Surface Clay (Z)
—0.76 —0.24 -0.18 0.46 0.04 0.35 0.43 —0.57 0.06. 0.16 0.52 —0.06 0.66
Hz —Surface Sand (Z)
0.69 0.51 —0.76 0.17 —0.56 —0.58 0.28 0.27 —0.21 -0.73 0.40 0.31
x3 —Ncho3 Extract P (ppm)
0.81 —0.44 0.64 —0 70 —0.66 -O.28 0.73 0.22 —0.40 0.52 0.09
X4 —Fertilizer P added (kg/ha)
—0.27 0.89 —0.72 —0.68 -0.40 0.86 0.42 —0.41 0.69 —0.04
X5 — Manure P added (kg/ha)
0.17 0.49 0.53 —0.39 —0.18 0.35 0.85 -0.35 —0.01
X6 -Fert. & Manure P added (kg/ha)
-0.49 —0.43 -0.59 0.78 0.57 —0.02 0.58 —0.02
X7 —Hay—Pasture (Z of total area)
0.84 —0.12 —0.72 —0.27 0.68 —0.35 0.21
X8 -Alfalfa (Z of total area)
—0.13 —0.70 —0.32 0.67 —0.16 0.31
X9 -Woodlot and Unimproved (Z)





X10 —Row Crop (Z of total area)
0.70 ~0.27 0.44 0.00
X11 -Corn (Z of total area)
0.30 0.04 —0.09
X12 —Animal Units (No/ha)
—0.32 0.27
X13 -Rural Residences (No/kmz)
0.27
X14 -Stream and Gully Density (km/kmz)






Table A-3: Fertilizer phosphorus use in Agricultural Watersheds Relative to
Requirements as Indicated by Soil Test.
 
Watershed Crop Fertilizer Phosphorus Applied
No. County Hect.l Appliedl Recommended2 Recommended
Grown '
kg P/ha/yr
1. Essex Corn 1191 36 9 3.9
Wheat 1278 31 20 1.6
Soybeans 1935 3 5 0.6
Veget. 92 201 — —
2. Norfolk Tobacco 1458 84 23 3.7
(Elgin) Corn 759 43 9 4.9
Hay—Past. 223 1 11 0.1
3. Huron Corn 1776 28 14 2.0
(Perth) W. Bean 686 27 6 4.8
M. Grain 872 20 7 2.8
Barley 307 28 13 2.1
Wheat 269 23 7 3.3
Hay 558 5 13 0.4
Past. 458 10 13 0.8
4. Well. Corn 462 18 15 1.2
M. Grain 779 18 17 1.1
Hay 767 3 14 0.2
Wheat 96 4 12 0.3
5. Oxford Corn 1249 26 11 2.4
Hay—Past. 588 10 7 1.5
M. Grain 152 18 15 1.2
Barley - 75 22 7 3.0
Oats 116 14 6 2 5
Veg. 107 88 — -
6. Huron Corn 641 17 14 1.3
(We11.) M. Grain 936 14 7 1.9
Barley 228 13 13 1.0
Past. 815 <1 13 <0.1
Hay 933 <1 ~ 13 <0.1
7. Northumberland Corn 649 21 7 2.8
Oats 249 5 5 1.1
Hay 681 12 4 2.9
Tobacco 95 100 ' 31 3.2
Past. 1094 <1 4 0.1
10. Niagara North Corn 484 18 13 1.4
Oats 299 12 7 1.7
Hay 962 l 13 0.1
Past. 355 1 13 0.1
Wheat 120 14 10 1.4
11. Peel Corn 282 24 14 1.6
M. Grain 424 19 8 2.3
Wheat 241 21 10 2.0
Hay 632 <1 9 0.1




Watershed Crop Fertilizer Phosphorus Applied










Potato 280 102 24 4.2
Tomato 183' 107 21 5.0
Tobacco 104 71 25 2.8
Beans 68 34 17 2.0
Soybeans 163 8 5 1.5








M. Grain 614 17 13 1.3
Hay 1153 1 15 0.1
Pasture 2219 1 15 0.1
From PLUARG Report — Land Use Activities in Eleven Agricultural Watersheds in Southern
Ontario, Canada 1975—1976 by R. Frank and B.D. Ripley.
From Summary Report — Soil Testing Service operated for O.M.A.F. by Department of
Land Resource Science, University of Guelph.
Summary of Samples submitted between
July 1, 1975 and June 30, 1976.
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Table A—4:
Annual unit area loads and total loadings of total phosphorus and total














/ Of / Of Total Phosphorus Total Dissolved P
 
Clay Manure Farm Total









Watershed Soil Applied Crop Farms Load Load












E00201 30.3 11.0 4.0 37.1 0.75 0.958 0.27 0.338
E0020 16.0‘ 19.5 14.2 39.8 0.35 1.405 0.18 0.721 '
E00203 20.5 21.9 19.0 30.5 0.48 0.626 0.26 0.335
E00204 17.8 19.1 19.9 59.8 0.42 1.808 0.20 0.846
E00205 17.3 21.2 18.8 60.5 0.40 0.999 0.21 0.528
E00301 11.9 18.5 20.5 54.4 0.31 5.658 0.12 2.174
E00302* 17.4 8.6 4.8 40.1 0.35 4.235 0.08 0.968
E004 11.1 18.3 15.3 61.1 0.27 7.758 0.11 3.094
E00501 18.9 20.7 16.9 73.2 0.43 5.757 0.23 3.036
E00502 18.2 19.4 14.0 77.8 0.40 6.204 0.20 3.192
E00601 18.1 20.3 25.0 76.2 0.47 2.319 0.21 1.063
E00602* 30.6 21.1 34.0 51.5 0.95 5.250 0.37 5.316
E007 16.2 21.9 24.8 37.7 0.42 2.118 0.21 1.037
E00801 13.4 22.1 33.2 65.8 0.45 1.915 0.17 0.750
E00802 11.2 20.7 20.6 52.0 0.30 1.773 0.13 0.783
E009 16.3 14.7 12.9 53.3 0.35 6.190 0.13 2.359
E010 14.6 12.8 8.2 51.2 0.30 -1.973 0.09 0.616
E011 5.0 7.7 3.6 49.2 0.17 2.939 0 0
E012 19.3 10.3 3.2 51.5 0.39 5.237 0.12 1.640
E013 4.0 5.2 1.1 36.6 0.15 3.486 0 0
E014* -— 2.5 0 14.5 0.15 0.323 0 0
E016* —— 2.0 0 10.1 0.15 0.049 0 0
E017* 6.0 5.3 0.9 25.5 0.17 3.096 0 0
ED02* 5.8 8.6 6.2 37.7 0.18 1.398 0 0
ED03 11.0 15.1 9.2 54.5 0.24 2.805 0.07 0.846
ED04 8.1 11.7 7.8 41.7 0.20 2.009 0 0.028
EDOS 16.1 10.9 6.9 42.1 0.33 2.876 0.09 0.805
ED06 20.2 8.8 3.1 46.8 0.42 6.287 0.12 1.810
ED07 19.2 4.7 0.8 16.4 0.39 0.894 0.07 0.149
ED08 5.8 11.5 10.0 34.7 0.19 0.748 0 0
ED09 13.4 21.8 19.1 64.4 0.33 23.077 0.17 12.081
ED10 18.3 18.9 6.9 65.7 0.38 7.106 0.20 3.789
ED11 15.3 16.7 11.1 66.1 0.32 9.683 0.14 4.252
ED12 12.2 20.6 21.5 62.1 0.32 6.429 0.14 2.879
ED13 12.6 17.2 18.5 77.9 0.31 6.016 0.11 2.231
ED14 11.8 19.0 18.7 47.7 0.30 4.357 0.12 1.798
ED15 19.1 21.1 24.7 71.3 0.49 16.679 0.23 7.991
ED16* 5.8 13.7 14.4 18.9 0.20 2.167 0 0
Total for Georgian Bay 180.9 78.8
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«able A—4 Cont'd
A Of +4 Of Total Phosphorus Total Dissolved P
 
Clay Manure Farm Total
In and Area Area Unit Total Unit Total
Surf Fert. P In Row In Area Loading Area Loading
Watershed Soil Applied Crop Farms Load Load
2 Kg/ha/yr % Z Kg/ha/yr Tonnes Kg/ha/yr Tonnes
LAKE HURON
FAOl 9.0 10.1 1.5 39.7 0.20 3.054 0 0
FA02* 0 8.8 0.6 43.8 0.15 0.778 0 0
FA03 O 9.1 0.4 40.0 0.15 0.748 0 0
FA04* 0 7.5 0.6 6.7 0.15 0.360 0 0
FA07 0 7.5 0.5 6.7 0.15 0.131 0 0
FA08 0 8.2 0.4 10.2 0.15 0.355 0’ 0
FA09 13.3 18.0 5.2 49.2 0.27 2.046 0.13
FA10 19.6 17.7 7.3 76.5 0.41 20.765 0.20 10.350
FA11 O 9.4 2.5 30.7 0.15 1.056 0 0
FA12 0 9.0 1.2 24.7 0.15 1.112 0 0
FBOl 20.8 12.3 1.7 40.7 0.43 3.759 0.16 1.422
FB02 18.4 17.9 4.9 79.2 0.37 2.591. 0.19 1.325
FB0301 19.9 15.9 6.0 74.0 0.41 6.697 0.19 3.061
FBO4 18.2 14.1 3.0 55.2 0.37 2.489 0.19 1.276
FB05 24.5 16.5 2.5 35.8 ' 0.54 5.512 0.25 2.555
FBO6 23.2 18.0 4.6 73.1 0.50 14.612 0.25 7.289
FB07 15.5 17.9 3.1 60.5 0.31 0.038 0.16 0.019
FBO701 21.8 17.8 3.9 62.3 0.46 17.251 0.23 8.640
FBO702 21.6 19.8 5.4 58.4 0.46 1.100 0.25 0.601
FB08 22.9 20.3 4.9 56.1 0.50 2.443 0.27 1.334
FC0101 16.2 16.3 4.9 64.3 0.32 7.906 0.15 3.621
FC0102 16.9 23.2 12.1 76.6 0.36 0.233 0.23 0.148
FC0103 9.2 21.4 17.8 _ 37.6 0.26 1.385 0.12 0.625
FC0104 10.7 17.0 7.3 66.5 0.23 0.686 0.09 0.263
FC0105 10.7 23.4 13.7 75.7 0.25 2.276 0.15 1.381
FC0106 18.6 26.4 16.4 85.0 0.42 10.949 0.28 7.364
FC0201 17.5 17.4 5.2 69.6 0.35 6.033 0.18 2.995
FC0203 27.3 19.0 8.7 89.2 0.65 0.452 0.31 0.217
FC0301 17.3 21.0 6.9 80.9 0.35 18.261 0.21 10.882
FC0302 10.6 24.9 16.6 83.4 0.27 0.222 0.17 0.140
FC0401 29.7 21.9 8.9 79.0 0.74 2.447 0.37 1.228
FC0402 27.2 20.8 8.8 55.2 0.65 3.452 0.33 1.758
FC05 28.1 19.8 7.4 78.8 0.68 3.525 0.33 1.721











































































































































































































































































































































































































































































































































































































































































   
_ 44 _
Table A-4 Cont'd
Clay Manure gag; + éog:l Total Phosphorus Total Dissolved P
In and Area Area Unit Total Unit Total
Surf Fert. P In Row In Area Loading Area Loading
Watershed Soil Applied Crop Farms Load Load
% Kg/ha/yr Z Z Kg/ha/yr Tonnes Kg/ha/yr Tonnes
LAKE ERIE
GA0101 20.2 13.6 3.7 72.8 0.42 3.732 0.17 1.516
GA0102 19.9 17.5 5.9 73.9 0.41 16.940 0.21 8.409
GA0103 20.6 22.9 14.2 82.1 0.46 5.057 0.27 2.974
GA0104 15.0 20.9 16.0 83.7 0.34 11.694 0.18 5.539
GA0105 12.6 33.3 27.9 96.5 0.38 3.264 0.28 2.407
GA0107 15.9 30.2 41.0 85.2 0.59 19.149 0.29 9.382
GA0108 16.1 25.0 29.3 67.3 0.46 2.018 0.24 1.046
GA0109 17.2 25.9 32.0 73.9 0.51 1.485 0.26 0.759
GA0110 15.7 31.0 56.2 70.1 0.82 1.264 0.29 0.451
GA0111 3.7 23.9 41.1 85.2 0.43 3.537 0.07 0.606
GA0201 30.1 25.9 13.3 90.8 0.77 22.645 0.42 12.236
GA0202 25.2 27.2 21.0 88.6 0.64 12.357 0.37 7.197
GA0205 23.0 31.3 38.4 84.7 0.73 7.039 0.39 3.699
GA0206 12.3 28.1 46.4 79.4 0.60 12.682 0.22 4.719
GA0209 15.7 24.2 37.4 74.1 0.54 ’ 3.817 0.41 2.923
GA0210 5.8 24.8 54.3 100.0 0.65 6.672 0.56 5.753
GA0301 5.8 14.0 8.9 51.7 0.18 0.300 0 0
GA0302 5.8 18.4 20.6 64.7 0.24 0.039 0.02 0.004
GA0303 5.8 18.5 17.1 63.8 0.22 0.058 0 0
GAO304 5.8 15.8 12.7 56.1 0.20 0.675 0 0
GA0401 _ 13.1 24.0 19.1 70.9 0.32 1.297 0.13 0.521
GA0402 14.3 27.1 29.4 78.8 0.42 7.381 0.26 4.576
GA0406 8.0 20.6 27.6 67.3 0.31 0.883 0.09 0.260
GA0407 12.8 25.6 33.3 66.1 0.44 0.351 0.20 0.163
GA0408 9.6 26.3 40.4 78.9 0.47 5.119 0.17 1.848
GAOS 9.2 18.9 14.8 64.0 0.24 4.072 0.09 1.533
GA0601 24.0 15.0 5.0 79.9 0.53 11.735 0.23 5.092
GA0602 28.4 29.3 14.9 87.2 0.71 17.937 0.43 10.844
GA0603 28.0 26.1 13.1 92.9 0.69 13.467 0.39 7.675
GA0604 19.4 27.9 32.3 94.9 0.56 2.979 0.31 1.623
GB0101 11.4 23.4 48.2 63.3 0.61 2.808 0.16 0.751
GB0102 27.2 16.6 18.3 78.2 0.69 24.937 0.29 10.364
GB0103 28.5 13.9 13.7 44.2 0.71 7.816 0.27 3.007
GB0201 18.0 20.5 35.6 77.1 0.57 8.857 0.21 3.340
GBOZOZ 26.0 21.7 27.8 91.2 0.72 15.093 0.32 6.808
GBO3 24.0 25.3 28.3 80.2 0.66 9.078 0.34 4.660
GB04 20.8 20.8 30.4 76.8 0.58 18.252 0.25 7.861
GBO501 15.3 27.7 37.7 85.6 0.53 17.386 0.25 8.308
GB0502 6.3 26.8 51.0 94.2 0.60 1.481 0.14 0.337
GC01 8.4 25.4 59.0 80.1 0.76 7.686 0.15 1.493
GC02 23.7 30.5 45.6 92.3 0.85 37.135 0.39 16.791
GC0301 23.9 25.1 45.8 78.9 0.86 23.573 -O.33 9.110
GC0302 7.2 22.3 52.8 73.6 0.63 3.713 0.10 0.590
GC0401 18.6 28.0 54.7 91.4 0.86 30.082 0.30 10.410
GC0402 10.1 19.8 43.4 87.5 0.52 13.537 0.11 2.852














Clay Manure gag: .fé02:l Total Phosphorus Total Dissolved P
In and Area Area Unit Total Unit Total
Surf Fert. P In Row In Area Loading Area Loading
Watershed Soil Applied Crop Farms Load Load
% Kg/ha/yr Z Z Kg/ha/yr Tonnes Kg/ha/yr Tonnes
GCOS 8.1 18.2 39.5 73.5 0.45 7.550 0.07 1.183
G006 19.4 36.0 87.8 3.8 1.64 1.352 0.39 0.321
GC07 10.9 18.9 36.4 57.1 0.44 8.427 0.11 2.123
GC08 9.9 26.1 42.5 80.2 0.51 5.970 0.17 2.040
GC0801 7.6 14.0 33.6 488.9 0.37 2.547 0.02 0.140
GC0802 7.4 18.4 38.7 87.9 0.43 18.095 0.06 2.641
GCO9 14.8 23.7 39.5 84.7 0.55 12.905 0.21 4.920
GClO 30.3 14.0 13.7 45.0 0.78 7.074 0.30 2.692
GC11 20.8. 25.1 36.9 76.3 0.65 9.753 0.30 4.417










GD01 18.8 31.9 40.8 86.7 0.65 43.921 0.34 23.060
GD02 19.6 27.4 36.1 83.6 0.61 5.410 0.30 2.691
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Table A-4 Cont'd
A Of flé Of Total Phosphorus Total Dissolved P
 
Clay Manure Farm Total
In and Area Area Unit Total Unit Total
Surf Fert. P In Row In Area Loading Area Loading
Watershed Soil Applied Crop Farms Load Load
Z Kg/ha/yr Z Z Kg/ha/yr Tonnes Kg/ha/yr Tonnes
GH01* 32.1 32.1 63.0 66.1 1.47 60.199 0.51 20.885
GHOZ 30.0 24.0 63.4 82.3 1.39 26.241 0.40 7.475
GH03 33.1 24.8 59.5 79.5 1.44 16.840 0.44 5.168
GH04* 19.4 105.2 63.5 33.9 1.05 5.121 1.10 5.364
GH05 32.8 20.9 59.1 83.3 1.42 34.192 0.40 9.595
GH06 31.1 24.3 62.2 39.8 1.41 17.691 0.41 5.184
GH07 21.5 28.7 58.9 36.2 1.01 20.220 0.34 6.790
GH08 20.2 34.7 68.8 23.3 1.18 4.457 0.39 1.459
GH0901 9.2 39.3 66.1 86.7 0.91 2.067 0.30 0.679
GH0902 19.9 29.9 71.9 73.4 1.25 14.614 0.33 3.910
GHlO 34.4 16.8 66.2 3.6 1.63 4.061 0.38 0.934
GH11* 14.0 50.5 65.8 35.8 0.98 1.662 0.47 0.797
Total For Lake Erie 1578.4 580.7
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Table A—4 Cont'd
Z of ' Z Of
3 Total Phosphorus Total Dissolved P
 
Clay Manure Farm Total
In and Area Area Unit Total Unit Total
Surf Fert. P In Row In Area Loading Area Loading
Watershed Soil _Applied__ Crop Farms Load Load
X Kg/ha/yr Z Z Kg/ha/yr Tonnes Kg/ha/yr Tonnes
EALF; 9111411119,
HA01 28.7 15.7 7.2 68.0 0.70 14.942 0.29 6.314
HA0201 36.8 23.0 14.9 78.3 1.07 2.316 0.47 1.014
HA0202 34.7 29.2 20.6 79.1 1.01 22.720 0.51 11.444
HA03 32.2 16.5 13.6 68.9 0.86 7.806 0.35 3.148




















































































































































































































































































































































































































































































































































































































































































Clay Manure Farm Total
In and Area Area Unit Total Unit Total
Surf Fert. P In Row In Area Loading Area Loading
Watershed Soil Applied Crop Farms Load Load
Z Kg/ha7yr Z Z Kg/ha/yr Tonnes Kg/ha/yr Tonnes
HE09 0 24.0 26.7 15.4 0.26 2.211 0.03 0.251
HE10 0 15.6 19.4 27.1 0.21 1.402 0 0
HE11 O 7.1 5.7 10.7 0.15 0.736 0 0
HF01 11.0 10.1 4.0 73.0 0.23 2.167 0.02 0.199
HFOZ 5.0 10.8 4.5 68.2 0.17 2.393 0 0
HF03** 0 5.3 1.3 56.8 0.15 -- 0 0
HF04** 0 4.5 1.0 56.8 0.15 —— 0 0
HF05 0 1.8 0 5.9 0.15 0.995 0 0
HF06 0 5.0 1.0 31.9 0.15 1.765 0 0
HFOS 0 0 9.1 0.15 0.126 0 0
HFO9 0 0 7.5 0.15 0.072 0 0
H002 17.0 18.7 14.3 59.1 0.37 7.618 0.18 3.758
HGO3’ 17.8 20.6 14.4 65.4 0.39 4.429 0.21 2.417
H004 29.7 16.5 10.6 71.2 0.74 1.926 0.32 0.816
HG05 30.7 20.1 13.9 84.5 0.80 14.744 0.36 6.730
HG06 18.2 18.1 16.4 66.7 0.41 3.544 0.19 1.658
HGO7 29.8 16.0 9.2 81.3 0.74 5.801 0.31 2.426
HH01 17.6 14.2 13.2 59.8 0.38 6.947 0.14 2.628
HH02 12.0 13.3 9.3 61.0 0.26 8.486 0.07 2.190
HH03 16.0 12.4 5.3 69.6 0.32 8.332 0.11 2.739
HH04 21.4 10.8 7.7 44.8 0.46 8.291 0.16 2.814
HH05 21.6 13.9 7.2 61.5 0.46 4.525 0.19 1.854
HH06** 0 1.34 0 8.6 0.15 —— 0 0
HHO7** O 0 7.2 0.15 -- 0 0
HH08** 0 0 5.6 0.15 —— 0 0
HH10** 0 ~ 56.9 0.15 —— 0 0
HJOl 20.0 13.6 10.1 69.1 0.43 21.988 0.17 8.605
HJ02 17.7 12.6 11.6 62.4 0.38 9.252 0.13 3.171
HJ03 21.2 12.2 8.2 67.4 0.45 6.259 0.17 2.301
HJ04 19.1 12.8 9.5 60.0 0.40 7.200 0.15 2.650
HKOl 16.0 13.0 11.4 71.5 0.34 14.948 0.11 4.955
HK02 6.0 14.6 20.5 63.6 0.24 4.292 0.01 0.113
HK03 13.9 13.7 17.1 72.5 0.32 2.209 0.09 0.639
HK04 10.7 12.0 10.4 62.5 0.24 3.339 0.04 0.512
HK05 23.5 9.6 6.2 76.8 0.52 7.440 0.17 2.422
HK06 19.6 10.8 6.0 76.9 0.41 5.554 0.13 1.821
HK07 12.0 6.2 2.2 28.6 0.24 5.129 0 0
HK08** 11.0 4.4 0.6 16.9 0.23 -— 0 0
HK09 11.0 3.8 2.4 13.7 0.23 0.638 0 0
HKlO 4.0 3.8 2.6 13.4 0.16 0.087 0 0
HLOl 20.3 13.3 20.3 73.1 0.49 4.369 0.17 1.508
HL02 27.3 9.6 8.6 74.9 0.65 22.582 0.21 7.465
HL03 26.6 6.1 2.1 57.6 0.61 6.792 0.17 1.893
HL04 17.3 4.2 0.7 52.2 0.35 5.185 0.04 0.554
HLOS 14.2 1.8 0.7 17.5 0.28 1.826 0 0
HLO6 17.4 5.0 2.3 51.3 0.35 3.934 0.05 0.530
HLO7 19.7 6.4 3.2 52.9 0.40 12.260 0.09 2.708












Z 0f Z 0f
+ Total Phosphorus Total Dissolved P
 


















































































































































































































































































Appendix Table A—3. Remedial measure programs for Ag Watersheds
1,, 3, 1+ and 5 as examples of a suggested

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Watershed Ag-3 — Little Ausable River
Watershed descri tion: Area — 6200 ha; soil - 25% to 30% clay; Pollutant loads:
Sediment (suspended solids) Total phosphorus
relief — gently sloping; stream length — 40 km; hydrologically
,
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a. Tile outlet stabilization
15,000
b. Bank stabilization on 13 ha
5,200
















l, 2, and 3 — see notes for Watershed Ag—l (Note 1 includes 0.1 kg P/ha/yr subjective reduction estimate for applying remedial measures)
4. Strip cropping on 75% of the "C" slopes in the contributing area (290 ha) @ $10/ha plus a capital cost of $1,000 for some tree and fence—row
removal.
5. Assumed costs and returns for cropping practices:
Corn (net same for soybeans)
Cereal grains
Hay
Revenue Lost by Crop Conversions
Returns
250 bu/ha @ $2.50/bu
150 bu/ha @ $2.00/bu
25 bu/ha increase in subsequent corn yield





Corn or soybeans to grains — $lOO/ha
114 kg/ha N added @ 44¢ = $50/ha/2 yrs
Grains to hay - nil









1550 ha in contributing area (currently 700 ha corn/beans, 340 ha grain, 280 ha hay) is changed to meet rotation requirements (525 ha corn/
beans, 265 ha grains, 525 ha hay) requiring 175 ha of corn/beans and 75 ha small grains to be converted to hay.
6.
420 ha corn with a 25 bu/ha yield reduction ($60/ha) and cost of $40/ha for oats established.
7. 80 ha in contributing area lost from production (36 ha corn/beans @ $300/ha, 18 ha grains @ $200/ha, 14 ha hay @ $200/ha): buffer strip
maintenance @ $10/ha.
8. 150 drain outlets @ $100/outlet.
9.
13 ha of eroding banks stabilized @ $400/ha.








Area — 1860 ha; soil -




— gently sloping; stream length - 20 km; hydrologically cont—
ributing area — 25%; land use - 202 row crop (all corn), 32% Measured loading rates 1 4;: (kg/ha/yr) g';g (kg/ha/yr)
















1. Good management practices 10 380 10 0.67 O 0















4. Spring plowing-(corn and hay) 5 310 5 0.57 12,000 0












10 165 0 0.43
a. Tile outlet stabilization 5,000
b. Stream bank stabiliz
ation
1,200 9










1, 2, and 3 - see notes for Watershed Ag—l (Addition to Note 1. — includes subjective 0.1 kg/ha/yr livestock input reduction assumed to result from
the implementation of the remedial measures listed.)
4. Strip cropping on 752 of the "C" slopes in the contributing area (140 ha) @ $10/ha, plus $500 capital costs for fence row removal.
5. Crop rotation is not applicable as a new remedial measure, since, in this watershed, they are already generally practiced.
6. To avoid fields in the contributing area being left bare over the winter period, either plow in the spring, or use cover crop over winter; —
100 ha corn with expected yield loss of 25 bu/ha @ $2.50/bu = $6,000 and 200 ha grain @ a loss of $30/ha = 6,000 — total $12,000/yr.
7. 40 ha to buffer strips and lost from production (8 ha corn @ $300/ha, 16 ha grain @ $200/ha, 16 ha hay @ $200/ha $8,800); grassed waterways
established on an equal land area with the same costs. Assumed that the buffer strips and waterways are clipped and not harvested for hay —
maintenance costs @ $10/ha = $800. Total cost $18,400.
8. 50 tile outlets stabilized @$100/outlet.
9. 3 ha of eroding streambanks stabilized @ $400/ha.
10. Amortization of capital costs at 10% for 20 years.
 
 Watershed Ag—S — Holiday Creek
 
Watershed descri tion: Area — 3000 ha; soil - 20% clay; relief
Pollutant loads:
Sediment (suspended solids) Total phosphorus
— gently sloping; stream length — 22 km; hydrologically active







Potential minimum — zero row crops
25
0.15



















































































c. Amortization of capital costs
750
11




l, 2 and 3 - see notes for Watershed Ag—l (Note 1 includes 0.05 kg P/ha/yr subjective reduction estimate for applying remedial measures)
4. Strip cropping on 75% of the "C" slopes in the contributing area (200 ha) @ $10/ha plus a capital cost of $500 for fence—row removal.
5. Assumed costs and returns for cropping practices — see note 5 to Watershed Ag-3.
6. 260 ha corn with 25 bu/ha yield reduction ($60/ha) = $15,600.
7. No—till corn with 35 bu/ha yield reduction ($95/ha) = $24,700 for 260 ha.
8
. 40 ha in contributing area lost to production (16 ha corn @ $300/ha, 8 ha grain @ $200/ha, 16 ha hay @ $200/ha = $10,000; grassed waterways
established on an equal land area with the same costs.
Assumed that the buffer strips and waterways are clipped and not harvested for hay —
maintenance costs @ $10/ha = $800. Total cost = $20,800.
9. 50 tile outlets stablized at $100/outlet.
10.
2 ha of eroding stream banks stabilized @ $400/ha.
11.
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